««,UK Patent Application ,„>GB ,„,2344606 l13 ,A 



(21) Application No KBOK3.1 

(22> Dat»of FUinft 0*11.1333 

1301 Priority D«4 
□»J BH11Z9I 



132) 07.12.1B9t (33) US 



(71) Appfieantft) 



C72» JfMvncofti) 



(43) Date of A Publication 14412000 



(51) WTCL 7 

£218 WM 43/10 

(62) UK a (Edition R ) 
ElFFJTRA 

W Docvmwwsattd 
OB ; 



W *oldofS*«ren 

(74) Ao^andferA4oYtttforS«vic* 

Kwhhwuktaco 

"fW* LONDON. 



(54) Abstract ThW 

Wol*or» art* with rtdbty mm noted Bmt tanruoMeffa 

section ofwrittxy, 3^b*o«ttJl^^^l*^^ m>ttrU ' "Bow 3) b Injected Into th. 





FIGURE 1 



2/ii 




FIGURE 2 




FIGURE 3a 




FIGURE 4 




FIGURE 5 




FIGURES 




8 




ID 
O 




FIGURE 10a 




FIGURE 10b 




FIGURE 10c 




FIGURE 10d 




FIGURE 10e 




FIGURE 10f 




FIGURE 10g 




FIGURE 11a 




FIGURE 11b 




FIGURE 11d 




FIGURE lie 




FIGURE 11f 



2344606 

WELLBORE CASING 
Cross Reference To Related Applications 
This ap plic ation daims the benefit of the filing date of ILS. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 

This invention relates generally to wellbare casings, and in particular to 
weflbore casings that are formed using expandable tubing. 

Oonveiitionally, when a wellbore is created, a number of casings are 
5 installed in the borehole to prevent coBapw of the borehole 
undesired outflow of drtllmgfhiid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled fat intervals whereby a casing 
whichia to be installs inalower bo 

installed casing of an upper borehole interval As a consequence of this procedure 
10 the casing of the lower interval is of sniaDer diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diame ter s 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the caaingBi^ 

wall As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part Such a large borehole 

diameter involves increased costs due to heavy casing handling equipm 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed 

He present invention is directed to overcoming one or more of the 
limitations of the existing procedures for fbitning new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided thrt 



in the borehole, iqjectingfluidic material into the borehole, and radially ex panding 
the linpr in the borehole by extruding the liner off of the mandrel 

According to another aspect of the present invention, a method of forming 
a weUboTB casing is provided that includes drilling rat a new section of the 
5 borehole adjacent to the already existmg casing. A tubular Un^ 
then placed into the new sectton of the 

an already existing casing. A harde oable fluidie sealing material is injected into 
m annular region between the tabular liner and the new section of the borehole. 
Th^ annular ^g^i between the tubnlar rmer and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandrel A mm hardenable fluidie material is then injected into the interior 
region of the tubular liner below themandreL The tubular hner is extruded off of 
the mandrel. The overlap between the tubular liner and the already existing 
rawing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is reniovedfrtmi the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidie sealing 
material is removed from the interior of the tubular hner. The reinaming portions 
of the fluidie harderoab^ At least a portion of 

20 cured fluidie hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, « tubular member, and a shoe. The support member includes a flrstfluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluidpassage. The tubular niernber is coupk The shoe is coupled 

to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that inc l ud e s a support member, an 
30 CTp«Tidfi|M» itumdral, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fruid passage, a second fluM passage 
How control valve coupled to the first and second fluid passagea. The expandable 
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mandrel is coupled to the support member and mclades a thirighiid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular meniber and nichides a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 
According to another aapec* of the presenting 
a second tubular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positioning a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
fibular member is pressurized and the second tabular member is extruded off of 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
15 at an end portion of the annular member, and one or more pr ess u re relief pn ssages 
at an end portion of the flnmilar member. 

According to another aspect of the present invention, a wellborn casing is 
provided that include s a tubular liner and an annular body of a cured fluidk 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect <rf the present invention, a tie-back liner for 
lining an casting weDbore casing 

annular body of cured fhridir sealing material The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The annular body of a 

25 cured fluidk sealing material is coupled to the tubular liner 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tunuiarniember and a shoe. The support member inching 
passage. The mandrel is coupled to the support member. Hie mandrel includes 

30 a second fluid passage operahfy coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is drfflable. 
The tabular member is couidedto The shoe is coupled to the tubular 
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member. The shoe include* a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
theshoeisdrillable. 
Brief Description of the Drawings 
5 nG. lis afi^mentarycroasnsecticmai view 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable froidk sealing material Into the new section of the 
well borehole. 

FIG. 3a is another fragmentary cross-sectional view illustrating the ixy^ 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the weU borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic eealing material from the new Bection of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG . 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillabie mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a croea-aectional fflustratkm of a weUbon? including a pair of 
iwfinrpnt overlapping* casings 

FIG. 10b is a ooss-fiectional illustration of an apparatus and method for 
creating a tie-back liner using an *wp*™*iM? tabular mem b er 
5 FIG. 10c is a cros^sec tio TiM i l h ist r atMrn of the Damping tf » fhtt^ c^ing 

material into the annular region between the tabula 
casing. 

FIG. lOd is a crosa-seetional flmstration of the pressurizing of the interior 
of the tubular member below the mandrel 
10 FIG. lOe is a crois-fleetkmal ffluatratian of the olraaion of the tubti^ 
member off of the mandreL 

FIG. 10fisacros8-ee<*ianslilhiaii*tim 
out the shoe and packer. 

FIG. lOgisa cross-sectkmal illustration of the completed tie-back liner 
15 created using an eapandihle tubular member 

nG.llaisafragineiitaryciosB-eecto 
new section of a well borehole. 

FIG. lib isafragnientary cross eectfo nalviewilhiBtratingthe placementof 
an embodiment of an apparatus for hanging a tubular liner within the new section 
20 of the well borehole. 

FIG. 11c ia a fragmentary cross-eectaanal view illustrating the injection of 
afirstqiwntityofahardenablefiaidic 
well borehole. 

FIG. lid is a fragmentary cross-sectional view ilhistratmgthe introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG, lie Ua fragmentary c ros s sectional vie w fltastrating the injection of 
a second quantity of a hardenahle Ouidic sealing niaterialmto the new eection of 
the well borehole. 

FIG. 1 if is a fragmentary cress sectional view fflnstrating the completion 
30 of the tabular liner. 



Detailed Description of the IDnstrative Embodiments 
An apparatus and method for fanning a wellbore casing within a 
subterranean formation is provided The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of 8 wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tabular member. The apparatus and method farther permits adjacent tubular 
members in the wellbore to be joined using an overUppingjoint that prevents fluid 
and or gas passage. The apparatus and method fttrther permits a new tubular 
10 member to be supported by an -yigHwg tabular member by expanding' the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further minimizes the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of weilbore casing. 
An apparatus and method for farming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method 

to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe* In a preferred 
25 embodiment^ the interior portions of the apparatus is composed of materials that 
permit the Ulterior portions to he removed immg a conventional driningapparatna. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 w ellb ore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general. 



Referring initially to Figs. 1-5, an embodiment of fin apparatus and method 
for forming a weHbore casing within a eubtenanean formation will now be 
described. As flhistJratedinFtg.l,aweUbore 100 is poaakmed in a subterranean 
formation 105. The weUbore 100 indudes an easting cased sectton 110 having a 
5 tubular casing 1 15 and an annular outer Layer of cement 120. 

In order to extend the weHbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to farm a new Bectbn 130. 

As illustrated in Pig: 2, an apparatus 200 for forming a wellbore casing in 
10 a subterranean formation is then positioned m the new section 130 of the wellbore 
100. The apparatus 200 preferably mdndgs an expandable mandrel or pig 205, a 
tubular member 210, a >hoe 215, a lower cup seal 220, an upper cap Beal 225, a 
mTidpassage230,afluidpassage235,af^ 
member 250. 

15 The expandab le mandrel 205 is coupled to and supported by the support 

member250. The expa nd a ble mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
eecordance with the teachings of the present disclosure. In a preferred 

20 Rmhodh-nrnt, the wrpanrtahle mandrel 2(?5comnrifieB a hvrfamHc ^.inn *™i ff , 
disclosed in US. Patent No. 5,848,095. the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubuliu- member 2 10 ia support The 

25 tubular member 210 ia expanded m the radial d^ 

expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, far example, 
Oilfield Country Tubular Goods (OCTQ), 18 chromium steel tubbu^casing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 in 

80 febrkatedfromOCTG in order to maximize strength after expansion. The inner 
and outer diameters of the tubular xnembar 210 may range, for example, from 
appr©xhnately0.75to47iiumeeend^ In a preferred 



embodiment, the inner and outer diametara of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches; respectively b order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 2 10 
is slotted^ perforated, or other 

when it completes the extrusion of tubular member 210. In a prefer red 
embodiment, the length of the tubular member 210 is limited to minimige the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe,Super Seal IIDown-Jetfloatshoeoraguideshoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an ahimiiram down-jet guide shoe with a sealing sleeve for a latch-down 
phig available from Halliburton Energy Services in Dallas, TO, modified in 

20 accordance with the teachings o f the prefra^ 

the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
phig after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 includes one or more through and 
side outlet ports in fiuidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable Hold fc seaHngmaterial into the 
region outside the shoe 215 and tubular member 2 10. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ballBeaHng member. In this manner, the fluid passage 240 
can be optimally sealed offtyfo 
into the fluid passage 280. 



The lower cap real 220 is coupled to and supported by the support membOT 
250. The tower cop seal 220 prevent* fhrpign materials *™> ™t»rmg the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cap seal 220 may comprise any number of conventional commercially 
5 available enp seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the faHM^rniga of the j*+**r%t disclosure. In 
a^JUx^d embodiment, the lower cup seal 220 comprises a SIP cup sejd, available 
firomHallibiHtonEii^ 
material and contain a body of hibrieant, 
10 The upper aip seal 225 m couple 
250. The upper cup seal 225 prevents fo^^ 

region of the tubular member 210. The upper cop seal 225 may comprise any 

number of conventional commercially available cup seals such aa, for example, TP 

cups or SIP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 

cup, available from Halliburton Energy Services in Dallas. TXin orrf** tn nptii— iiy 

block the entry of foreign materials 

The fluid passage 230 permits fluidic materials to be transported to and 

from the interior region of the tuJbfnlarxemnhflr210 below the expandable r»rndrfrt 
20 205. The fluid passage 230 is coupled to and positioned within the support 

member 250 and the expandable mandreJ206. The fluid passage 230 preferably 

extends from a positioa adjacent to the surface to the bottom of thA nrp^dable 

mandrel205. The fluid passage 230 is jarfera^ 

the apparatus 200. 
25 Thefhiidpas*^230isp^ 
operation, to transport mate^ 

rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
psi in order to minimize drag on the tubular member being nm and tn mmimte 
surge pressures exerted on t^ 
30 and lead to hole collapse. 

Thefluid passage 235 perim^ 
passage 230. Inthianuumer, Aningplacein^ 
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new section 130 of the weiibore 100, fluid* materials 255 forced tip the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
thereby mmimiTing surge pressures on the wellbo re section 130. The fluid passage 
235 is coupled to and positioned within the support memb er 250. The fluid 
5 passage is further fluididy coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and dosing the fluid passage 235. In a pirferred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressures. The 
fluid passage 235 is preferably positioned eubrfantialfy orthogonal to the centeriine 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaDonafrninute and 0 to 
9,000 pal in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimise surge pressures on the 

15 nerw wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other aimilar device, to be placed in fluid passaged 
to thereby block farther passage of fluidic TP»*** ngVi In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 210. This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned subst antiall y 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new Bectian 130 of tte wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 246 arc ftothCT 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
owlappmg joint between the end portion 270 of the casing 115 and the portion 
260 ofthetubular member 210 to be nuidicty sealed. Tlx seals 245 may comprise 
any number of conventional conuaeraauy available seals such as, for example, 
10 lead, rubber, Teflon, or epoxy seals morifflnd in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the seals 845 are molded from 
Stratalockepoxy available 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115, 
15 In a preferred embodiment,^ 

a sufficient frictional force to support the expanded tubular member 210 ftom the 
existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

20 The support member 250 iscom^ledtothee^>andahIe mandrel PQfi. tub "V^ 

member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 200 into the new section 130 of the weHbore 100. In a preferred 
embodiment, the support meiimer 250 further conventional 

25 centraiizers (not Illustrated) to help stabilise the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 2 76 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tabular m«nbeT210. Inthismarmer t theextniato 

oftheexpandabbmandr^ The lubricant 275 may comprise any 

30 nuniber of convents 

Lnb rfrlata , chlnrine based Inbri 

(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antisiexe (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum fabrication to facuiate the expansion 
process. 

In & preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the mp pi"ing portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is inirinnized This 
minhmzeathe praarfMHty of foreign mafprial dogging the various flow passages and 
valves of the apparatus 200. 

In a preterm! pmW^ . hafm nr after petitioning the apparatus 200 
10 within the now section 130 of the weUbore 100, a couple of weubore volumes are 
circulated in order to ensure that no foreign materials are located within the 
weHbare 100 that migbt dog up the various flow passages and valves of the 
a pp aratus 200 P n< * to wishta that tk> ffr^Hp* material interferes with the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then dosed arid a hardenable 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230* The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 3 10 into the fluid passage 

20 240. The material 305 ****** cats the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weUbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallonatoin, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and weUbore sizes, weDbore section length, 
av ailab le pumping equipment, and fluid properties of the fluidic material being 
p umped The optimum flow rate Bird op 
30 using conventional empirical methods. 

The hardenable fhndic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, cement or cpoxy. In a preferred embodiment, the 
hardenahle flmdic sealing material 305 *^wipr4^ a blended cement prepared 
apecffieaJty for the partial 

Services in Dallas. TXin order to provide optinml rapport for tubular member 210 
5 while alao maintaining optimum flow characteristics so as to minimise difficulties 
during the displacement of cement in the annnlar region 315. The optimum bl en d 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 316 preferably is filled with the material 305 in 
10 sufficient quantities to ensure "p™ expansion tubular member 
210 t the annular regianSIS of the new aectto 
with material 305. 

In a particularly preferred embodiment, as iDuatrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 ia reduced in the 
16 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 mpoationain the wem>ore with ti^ clearances. Furthermore, in 
this manner, the initiation of the radial expansion of the tubular memb er 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 316 has been adequately 
20 fflledwift material 3Q5,aph* 

fluid passage 240 thereby fluidkjy isolating the interior region 310 from the 
annular region 315. In a preferred embodiment, a non-hardenable fhiidic material 
306 is then pumped into the interior region 310 earning the interior region to 
pressurise. In this manner, the interior of the expanded tubular member 2 10 will 
25 not enmtain rigniftrfmt ammiTitw of enredmaterial 305. Thfrrrehi^Anrf ri^fi^ 
the cost ofthe entire process. Alternatively, the materiel 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes suffice 
mem ber 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 procea* the expandabb mandrel 205 may U 

the tabular member 210. In a preferred embodiment, during the extrusion 
process, the xnaridrel 205 is raised a^ 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative pref e r red emb o diment 
the extrusion process is commenced with the tubular member 210 positioned above 
the bottom of the new weDbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 406 into the fluid passage 230 at a surface location in a conventional 
manner. The phig 405 preferably acta to fluidicly isolate the hardenable fluidk 
10 sealing material 305 from the non hardftnnhle fluidk material 306. 

The plug 405 may comprise any number of c onv e ntion al commercially 
available device* from pluggingafhikin 

Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 

15 a preferred embodiment, the plug 405 comprises a MS C latch-down plug available 
from Halliburton Energy Services in Dallas, TX 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidk material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psiandSO 

20 to 4,000 gHllans/min. In this manner, the amount of hardenable fluidk sealing 
material wi thin the interior 310 of the tubular member 2 10 is mmimlifd In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 

25 3,000 g ft llflPfi fr^Ti fa nrAev tn mfmniiw* the grtnisfam speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 2 10 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of lubricant, and the yield strength 
of the tubular member 210. In general, the thicker the wall thickness, the smaller 
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the toner diameter, and the greater theyfaddrtnaigthofthe tubular oemher 210. 
then the greato the opereth^p 
210 off of the mandrel 205. 

For typical tubulOTmembere 210, t^ 
5 offoftheexpsnd^miindrdvriU 
310 reaches, for example, approximately 600 to 9,000 peL 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tabular member 210 at rates ranging, for 
example, from about0to6fV8ec. Inaprefcrredeinhodiment, duringtba extrusion 
10 process, the expand^ n»andrel 205 iandaed out 
tuliuLu-inember210at rates ranging 
the time required for the expannm 
the expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 
16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fhiM tight overlapping joint. The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 pai In a preferred enib o dhnent , the contact pressure of the overlapping 
20 j^nuigesfromapproxiniateh/ 

pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial isction to ac mrn rm^ 

Ttooveriappbgjoint between ti»sectton410oftbeexistmg(!asingll6aiid 
tb£i»i^n265of the expanded tabular nienubw 
26 andftndkseal Inapartiau^i*eferrrf^ 

optmtt%provida a fiuidk and gaaemisaealm the overlapping joint. 

Ina preferred enibodlment, the oper^^ 
lwrdenablefaiidfcmaterM306m 

nunidrd 205 reaches the etidptato Ufhis 
30 manner, the sudden release of pressure caused by the complete ext^ 
tububrmember210i ) ffoftheexpana^nmnd^ lna 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% dw 

when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a chock absorber is provided in the support 

member 250 in order to absorb the shock caused by tb^ sudden released 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operationB. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the Guidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the Guidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
thenarryuncurcd portion of the material 305 within the expanded tubular member 

20 2 1 0 is then removed in a conventional manner such as, for example, rirculating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

25 the annular region 315 is then allowed to cure. 

Aa illustrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is thai removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 2 SO 
of the tubular member 210 includes one or more aeaHng members 605 and one or 
more pressure relief hoJei 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equahzeddnrmf ^estrusUmproeeas. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 memberoolKareboodedorjaoIdedom^ 

260 of the tabular member 210. The pressure relief boles 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operating pressures required to expand the upper portion 260 of 
the tubulin- member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. Thia reduction in velocity in iirrn mfafanises «■« mechanical shock to the 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 far forming a easing within a weUbam preferably includes an 
20 expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a towereup seal 726, annpper cup seal 730, 
a flui d pa ssag e 735, a fluid passage 740, aanpport member 745, a body of lubricant 
750, an overshot connection 765, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 

member745. The expaiidable mandrd 7(» is further co^ 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controDably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of (»iriFentional commercially available expandable mandrelB 

30 modified in accordance with the teachings of the present disclosure. In a preferred 
«nbodim^t, the expandable inendrd 

substantially aa disclosed in U A Pat No. 5,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

lie expandable mandrel container 7 10 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titaniom or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figa. 1*6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a p re f e r red embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginning in ttevfc 

container 710 and ending with the region in the vicinity of the mandrel 705* The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 706 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment 
the tubular number 715 in grater tfmn thm xmU th^Vjs^^ the- intermediate 
and lower sections 810 and 815 of the tabular member 715 in order to optima^ 
faciHata the initiation of the astra 
10 700 to be positioned in locations in the weilbore baring tight dearancea. 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 715 may range, for example, from about 1.05 to 48 inches and 1/8 
to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the Upper section 805 of the tubular member715 range from about3.5 
15 to 16 inches and BJ8 to L5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about &5 to 50 inches and 1/16 
to 1-5 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the intermediate section 8 10 of the tubular member 715 range 
20 from about 3.5 to 19 inches and 1/8 to L25 Inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, far exanqde, from about 2^ to 60 inches and 1/16 
to 1.25 inches, respectively. In a preferred pm^m^nt *h» diame ter end 
wail t hic kness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wafl thickness of the lowers* 
member 715 is further increased to increase the strength of the shoe 720 when 
drillable materials Rich as, for example, aluminum are used. 

The tubular member 715 prafer^^ In 
30 a preferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modified to catch or slow down the mandrel 705 when it 
completes the extrusion of tubular member 716. In a preferred embodiment, the 
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length of tfre tubular menibCT 

For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further inchideam inlet pa 
jet ports 835. In a particularly preferred embodiment, the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
eJprmenta, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 far increasing the strength of the 
shoe 720. In a particularly prefer red 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

16 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a preferre d embodiment, the shoe 720 
comprises an aluminum down«jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, c>ptimize the kmI between the 
tubular member 715 axri 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is counted to and supported by the mipport member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional COTamerriaEy available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to aiMi supplied by the support member 
760. The upper cm> seal 730 prera^ 

region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cup seals mch as y far emap ls, TP 
5 cupe or Selective Injection Packer (SIP) cup modified in accordance with the 
teadungs of the preset diacfasure. In a preferred anbodiinent,tha upper cm? ^ 
730 comprises a SIP cup availabk 

to optmally provide a debra 
The fluid passage 735 permits fluidic materials to be transported to and 
10 faMmthemteriOT 

705. The fhiid passage 735 is fh&i^ The fluid 

passage 736 is prefisrabty coopW 

760 f the support member 746, the mandrel container 710, and the amendable 
mandrel705. The fluid passage 735 preferabjy extends from a position adjacent 

15 to the surface to the bottomed 

is preferably positioned along a centeriine of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cexnant, dulling mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 ^11™^^^ 
and 500 to 9,000 prim Older to 

20 the tubular member 716 off of the expandable mandrel 705. 

As described above with reference to Hgs. 1-6, during placement of the 
apparatus 700 v^tiim a new section 
fluid passage 735 can be released mto the v^^ 

In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage thai is coupled to aid The 
pressure release lassage is fu^^ The 
pressure release passage preferably includes a control valve for controllably 
opening and dosing the fluid passage. In a preferred embodiment, the cm 
valve is pressure activate Th© 
30 pressure release passaged preferably po 

centeriine of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drfllingnm^ 
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and pressures ranging from about 0 to 600 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to mrnjnrife surge pressures on the new weHbore section. 

The Quid paaaage 740 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 715. Hie fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in Euknc commnnkfltioTi 
with the interior region of the tubular member 715 below the eTp^nd able mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other wmibir device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block further passage of finidic materials, hi this manner, the ulterior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fhiidkxy isolated from the region exterior to the tubular member 716. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
Bealed off by mtrodudng a phig, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a prefer red embodiment, the apparatus 700 further i nchiri mi one or more 

seals 846 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be Guididy sealed. The seals 845 may comprise any 
number of conventional amomerciaHy available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In * preferred embodiment* the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
mterference fit in the overlappm^ joint betrfiwn the tubular member 715 and an 
5 existing casing with optimal bad bearing capacity to support the t^^ 
715. 

In a preferred embodhrierit th^ Spain 845 are selected to provide a giiffimonfr 
frictions! force to support the expanded tabular member 715 from the existing 
casing. In a preferred eTnbodtoant, the fri^^ 
10 ranges from about 1,000 to 1,000,000 OUT in order to optixnaUy support the 
expanded tabular member 716. 

The support member 745 la preferably coupled to th* grpi^ H^Mfi mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an anmilar member having sufficient strength to carry the apparatus 
16 700intoanewse<^ionofaweffl)Oie. The support member 745 may comprise any 
number of conventional commercially available support members such as, for 
example,, steel drill pipe, coiled tubing or other high strength taihilflr mooUfied in 
accordance with the tearhrngs of the present disclosure. In a preferred 
enibodiment, the support member 745 comprises conventional drill pipe available 
20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
amuxlarregion above the expandable mandrel container 710 within the interior of 
the tubular member 715. In this manner, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The hihrkant 705 may comprise 
25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil baaed lubricants, or Climax 
1500 Antxaiese (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antisiese (8100) cvaOabla from Haffiburton Energy Services in 
Houston, TX in order to optimally provide fabrication to faciliate the extrusion 
30 process. 

The overshot connection 755 is coupled to tl» support mem 
support member 760. Tto overshot connection 7 W 



-23- 



member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commerciaUy available 
overshot connections such as, for example, Innerstring Sealing A da p te r , 
Innerstring Flat-Face Sealing Adapter ox EZ Drill Setting Tool Stinger. In a 
5 pre f erre d embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
756 and a surface support structure (not illustrated). The support member 760 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of awellbore. The wepport member 760 may 
c omp rise any number of conventional commercially available support members 
such aa, forf**™!**. drill pipe, coiled tubing or other high strength tubulars 
modifiedinaccortiancewith In a preferred 

15 embodiment, the support member 760 coinprises a conventional drill p ipe avaflab le 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilises the components of the apparatus 700 
within the tubular member 715. The stabiliser 765 preferably romprine* a 

20 spherical member having an outside diameter that is about 80 to 99* of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise anynumber 
of conventional commercially available stabilisers such as, for example, EZ Drill 
Star Guides, packer shoes or drag blocks modified in accordance with the teachings 

25 ofthe present disclosure. In a pre*^^ 

a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, IX 

In a preferred funbodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the introduction of foreign material into the apparatus 700 
is miinmized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or »ft«r pnM tinninj the npp'"Ttiifi 700 
within a new section of a weubore, a couple of weUbore volumes are circulated 
through the various flow passages of the i^parahM 700 m order to ensure that no 
foreign mntm sls are located within the w»1lhnr» tw. might H?g tip the mriouc 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the eipanskmiiumdrel 705 during the expanse 

In a preferred embodiment, the apparafaiB 700 is operated substantially as 
described above with reference to Kgs. 1-7 to form a new section of easmg within 
a wellbore. 

10 ABfflnstratedmr1g.8,manaltBraa^ 

and apparafaiB described herein is used to repair an *^«ting wellbore casing 605 
by forming a tubular liner 810 toside of the existing wellbore miring 806. In a 
preferred enibodhnent, an outer annular lining of cement is not provided in the 
repaired Bection. In tie idternativB preferred en^ 

16 insterials can be used to expand tnetuhto 

the damaged section of the weUbore casing inch as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, Bealing 
membera 815 are preferably pitjvidcd at both enda 

to optimally provide a flnidiceeal In an alternative preferred enibodiment, the 
20 tubular liner 810 is formed within ahorisontoh> poxitlmiM pip^™ <~*™ mfh 
as those used to transport hydrocarbons or water, with the bunilarbaer 810 placed 
in an overlapping relationship with the adjacent pipeline section. In this manner 
underground pipelines can be re^ 
damaged sections. 

25 In another alternativB preferred embodiment, the method and apparatufl 

described hmxsm is uaedtodirec^linaaw In a 
pxefeired embodiment, an outer anniuar Hning of cement u not provided between 
the tabular hner 810 and the wellbore. In the slteraattve preferred embodiment, 
any nuniber of fliuuk materials can be uaed to e^ 

30 mthnatecrotactwithtbewellbo^ 
or drilling mud. 
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Beferring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weUbore casing includes an expandible tubular 
member 902,asupportmemte 

908. In pi prefer r e d embodiment , the deaign and construction of the mandrel 906 
5 and shoe 908 permits easy removal of tinaeekments by drilling them out. 
manner, the assembly 900 can be easily removed from a weUbore using « 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
906 by pressurising an interior region 966 of the tubular member 902. The 
tub ular memb er 902 preferably has a substantially annular croas-eectian. 

In a particularly p r e f erred embodiment, an ffipBndahlfttnhular member 915 
is coupled to the upper portion 910 of the expandable tubular member 902. During 
16 operation ofthe apparatus 900, 

of the mandrel 906 by pressurising the interior region 966 of Uie tubular 
902. The tubular member 915 preferably has a substan tia] \y annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902, 
20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a pieferr ed embodiment, 
the tubular member 915 is fabricated from oilfield tubulaxs in order to optimally 
provide sppi yiiPT^M y the "^p ^flniwi properties the tubular member 902, 
25 In a particularly preferred embody 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular n^ The tubular 

member 915 may comprise a plurality of tubular members coupled end to end. 
In a pre fer red embodiment, the upper end portion ofthe tubular member 
30 915 includes one or more sealing members for optimally pro^^ 
gaseous seal with an existing section of weubore casing. 



In a preferred embodiment, the combined length of the tubular members 
902 and 915 are limited to minimize thepoasflriKty oflmdding. For typical tubular 
member material s , the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 

thetmoe 908 by a threaded ffl nm rt io n 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

•fte tubular member 902 may be fabricated from any number of 
10 conventional commercially available tnaf^aU men eta, for example, oilfield 
tubulars, low alloy steels, titanmrnoratainleasetjeela. In a preferred embodiment, 
the tubular member 902 is fabricated from oilfield tobulars in order to (optimally 
provide approximately the same mechankal properties 

In a particularly preferred embodiment, the tubular member 902 has aplasticyieid 
15 point ranging from about 40,000 to 135,000 pai in order to optimally provide 

approximately the same yield properties as trie tu^ 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 

and 9 14 of the tubular member 902 may range, for example, from about 1/16 to 1 .5 

inches. In a preferred embodiment th» wall tw„±n^ P n r*h» "fT""'. intermediate, 
20 aid lower portion^ 

U8 to 125 in order to optimally provide wall t^cVi f ro t>M* are about the game as 

the tubular member 915. In a preferred ^mttmHi^^ the fhirim^ of the 

tower portam 914 is less than or eo^ 

910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameter of theupper, intermediate, and tower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1.05 to 46 
inches. la a preferred emhod 
and lower portions, 910,912 and914of the tun^ 
30 3 V* to 19 inches in order to optimally provide the ability to expand the most 
commonly used oflfietd tubular*. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

Tbe tubular member 902 may comprise any number of conventional 
5 commercially available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from varkms UB. Btedini^ 
The tubular member 9 15 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present diodomire In n preferred embodiment, ^tnhn^mmathsr 916 comprises 
Oilfield Country Tubular Goods available from various US. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 nwy comprise apiurality of tubular elements that are cou^edem^ 
end. The various elements of the tubular member 916 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or ™«M»Kiwiad from one piece* In a preferred embodiment, the various 
20 »w»«mt« of the tubular member 915 are coupled using welding. Hie tubular 
member 9 1 5 may comprise a ptarality of tubular dements t^ 
end. Tbe tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 Tbe support member 904 preferably includes an innerstring adapter 916, 
a fluid passage 918, an upper guide 920, and a coupling 922, During operation of 
the apparatus 900, the support member 904 preferabby supports the apparatus 9W 
during movement of the apparatus 900 within a wellbore, Tbe support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fa bri cated from any number of 
conventional commercially available materials such as, for e xmnple , oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 
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embo diment , the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The umerstring adaptor 916 preferably is coupled to and supported by a 
COTveiitionaldrin string The innerstring adaptor 

5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The flmd passage 918 is preferably need to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage918 
is fluidicly coupled to the fluid passage 952. InaprefeiTedembodiii^ the fluid 
10 passage 918 is mad tn convey iwtAwmKu flgjdk f^^ngma^^^ +»r »mf fttan the 
appantu*900. Inaparticularh^mefeiiedffmhodhnft 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned alonga longitudinal centerline of 

15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenabte fluidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion ofthe support member 
904. The upper guide 920 preferably is adapted 

20 within the tubular member 915. ^ 

of conventional guide members modified in acemdam?* with th« t/H^MTipy t>w» 
present disclosure. In a preferred embodiment, the upper guide 92 0 comprises an 
iimerstring adapter available from Halliburton Energy Services in Dallas, TX order 
to optimally guide the apparatus 900 within the tubular member 915. 

25 The coupling 922 couples th^ The 

coupling 922 preferabfr cnrnprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
co nnections or machined from one piece. In a preferred emboiiment.tte various 

30 elements of the support member 904 are counled mang thread^ rnnn^p 
The mandrel 906 preferably includes a retainer 924, a r^ 
e*panaioneone928,alow 
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934, an extension sleeve 9S6, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a fabricator sleeve 948, a gu^ 

950, and a fluid passage 952. 

The retainer 924 is coupled to the tabricatormandrel 946, fabricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 92$ to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 ofthe tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials 

In a particularly preferred embodiment, a body of lubricant is farther 
provided in the interior region 972 of the tubular member 902 in order to hibrkate 

20 the interfile between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
n umb er of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil baaed lubricants or Climax 1500 Antiaeize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TK in 
order to optimally provide lubrication to fadliate the extrusion process. 

th* twrpmwnrm crtnA ftftfl iii cmipled tn the lower cone retainer 930. the body 
of cement 932, the lower guide 934, the extension sleeve 938 t the bw 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 916 are extruded off of the enter 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the krraame retainer 930, housmg^ 
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and the upper cone retainer 944, Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion rene 928 pref^^ 
5 The OTtsid* diameter tf 
a cone shape. The wall t hi c k n es s of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. Is a preferred embodiment, the wall 
thickness of the expansion coitt 928 ranges from abort 025 to ^ 
to optnnaUy provide adequate compressive mtrmgth with minima l material. The 

10 mammon and minimum Qutstda dimptow i fifth* expansion pftfi ™«y range, 
fcr example, from about 1 to 47 inches. I«« p «fai^ »mh^^ 
and mminmm outside diameter s of the expansion cone 928 range from about 3.5 
to 19 in order to optimally provide expansion of generally available oilfield tubulars 
The prpanmon cone 928 may be fabricated from any number of conventional 

15 conimerdalJy available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel In a preferred embodiment, «>» *»rp^ Am cone in frbrie ated 
from tool steel in order to optimalry provide high stre^ 
The surface hardness of the outer sur^ 

example, frtraiaboutOT Inajmrferndenmodiment, 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. In a preferred embodiment, axial inurement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially cross-section* 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commercially available materials snch as, for example, w^m^ tool 
steel, titanium or low alloy steel In a preferred emboiinient, the lower cone 
retainer 930 Is fabricated from tool steel in order to optimally provide high 
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strength and shrasic^ resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower mnp retainer 930 is V>~*t treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion rem stun re and 
fracture toughness. 

fa ft pwrfgrnj embodiment, **** lower cone retainer 930 and the expansion 

10 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and Increase the overall strength of the apparatus. Hie outer 
surface of the lower cone retainer 980 preferably mates with the inner surfaces of 
the members 902 and 915* 

The bo<rycfce3nent 932 is positioned w 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily di^edcnitusinga convention drill 
device. In this manner , the mandrel 906 may he easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 comirarciaUy available cement compounds. Alternatively, aluminum, cast iron or 
tome other drillable metallic, cmnpoflite, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to theeitensicaiBleew 936 and housing 940. 
26 During operatic^ of the apparatus 9^ 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
conimexciaUV available mflfcAr fri« such as, for example, oilfield tubulaxs, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel m order to optbnally provide b^ 



The outer surface of the lower guide 984 jatfcrabtynmtcs with the iimer surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 938 is coupled to the leww guide 984 and the housing 
940. During operation of the apperatus 900, the extend aleeve 836 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferabry has a imhgtontialrjr annular croaanBectkHL 

The extension aleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubular*, low alky steel or stainless steeL In a prefer r ed embodiment, the 
10 extension sleeve 936 is fab ri cated from bw alloy steel in order to optimally provide 
highyieM strength. The outer surfaced 

with the inner surface of the tubular member 902 to rrovide a sHding fit In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimise the number of 
15 components and increase the strength of the apparatus 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 962 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 9S2 into the fluid passage 962. 
20 Preferably, the spacer ftM h»* a substantially flnrmlftr from^crtion, 

Hie spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 93fl i«fahricpt?ri from aluminum in 
order to optimally provide drillability . The end of the spacer 938 preferably mates 
25 with the endof the extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 arefozmed as an integral one^rieceeleme^ in onier 
to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 93*. extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 830. During 
30 operation of the apparatus 900, the housing 940 preferably prevents inner radial 
motion ofthe expansion cone 928. Preferabry, the housing 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercifllly available materials such as, for example, oil fie l d tobulars, low alloy 
steel or stainless steel In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 

5 preferred emrx)dimen±, the lower guide 9^ 

are farmed as an integral one-piece element in order to minrmiiy the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to focffiate the connection between the 

10 housing 940 and the body of cement 932. 

The sealing slews 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, imd the upper cc^ retail 944. During operation of 
the apparatus, the Beating sleeve 942 pief erahjy provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 

15 the coupling 922. Pn&rabty, the sealing sleeve 942 has a sul>stotaa% axmular 
cross section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 942 . 

In a par ticular ly pre fe rred embodiment, the outer surface of the sealing 
sleeve 942 includes opp or more prornirionfl to facfliate the connpriirm between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimixe the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper coraretame^ 
30 cone 928. Preferably, the upper cone retainer 944 has a siibstsntially annular 
croon section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a prefe rred embodiment, the upper cone retainer 944 
is fabricated from ahmiinum in order to optimally provide driHability of the upper 
5 cone retainer 944. 

In a particularly preferred embodiment* the upper con* re 
crosB-eectioaal shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-thaped to provide increased rigidity and minimize the 
10 amount of material that would have to be drilled ouL 
The fabricator maiHirel 946 is 
926, the upper cone retainer 944, the fabricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tabular member 902. Preferably, the 
lubricator ma ndr el 948 has a substantially «mnnj« T eroes-eection 

The fabricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred arnhndhnmi^ th* lubricator mandrel 946 ic 
20 f a bri cat e d from aluminum in order to optimally provide drfllabflity of the 
fabricator mandrel 946* 

The fabricator aleeve 948 is coupled to the fabricator mandrel 946, the 
retainer924 > the rubber cop 926, the upper cone retainer 944, the fabricator sleeve 
948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 aleeve 948 preferably supports the rubber cup 926. Preferably, the fabricator 
sleeve 948 has a substantially annular cross-section. 

The fabricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
ahmiinum or cast iron. In a preferred embodiment, the fabricator sleeve 948 is 
30 fabri c ated from ahnminnm in order to optimally provide drfllabflity of the 
lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
Lubricator mandrel 946. The fabricator sleeve 948m turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a pref erred enibodiment, seals 949a and 949b ere pnivUBdhetwe^ the hibricator 
5 mandrel 946, hxbricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946 t the retainer 924, 
and the Fabricator sleeve 948. During operation of the apparatus 900 , the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular crosa-eectjon. 

The guide 950 may be fabricated from any number of conventional 
commexciafly available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment* the guide 950 is fabricated from aluminum 
order to optimalry provide driUability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fraidic 
materials In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hard enable fluidic materials at pressures 
20 and flow rate raiigiiig from about 0 to 9,000 psi and 0 to 3,000 gsllomVnimm order 
tooptimaily providers 
the installation of the apparatus 900. 

The various elements of the 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
man drel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962 , and one or more 
outlet jeta 964. 

30 The housing 954 is (xrupled to the bodjy of cement 956 and the lower portion 

914 of the tabular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the n*trankm and positioning of the tabular member 902* 
Preferably p the >>mi»^ng 954 has a substantially annular cxoss»sectk>n. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillabflity of the housing 854. 

In a particularly preferred embodiment, the interior suxf^ 
954 includes one or mow protrusions forni«*A the ^ntr titm between the bocfr 
of cement 966 and the housing 954. 
10 ThebodyqfnmirntWMfccoin^ 

958. In a preferred -embodiment, thecmnpoaiiteof the bcsdy of lament 956 m 
selected to permit the bo4y of cement to be ea^ drilled out using com^tional 
drilling T««ii4iTT\o fl gad p n^ w pg 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drQlable 
material such as, for exampl e, aluminum or iron may be suhstitnted for the body 
of cement 956. 

The adding aleeve 958 is coupled to the body of cement 956, the extension 
tube 9G0, the fluid passage 962, and one ormore outlet jets 964. During operation 
20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the flnid passage 952 into the fh^ 
and then into the outlet jeta 964 hi order to 

into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900, the sealing sleeve 958 further 
25 iiiidudea an iiilet geometry tn^ 

lodged in the inlet of the sealing sleeve 958. In this manner, the fluid passage 962 
may be blocked thereby fluidi^ 
member 902. 

In a preferred embodiment, the sealing aleeve 958 has a substantially 
30 ammlarcrt^sectian. The sealingskeve 958 maybe fabricated from any mmibex 
of conventional commercially available materials such as, for example, steel, 
ahmixmni or cast iron. In a preferred embodiment, the sealing aleeve 958 is 
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fabricated from aluminum in order to optzxnalfy provide drillabitity of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 858, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hard enable flnidk 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet Jets 964 in order to inject the hard enable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the seating sleeve 968. In this manner, the fluid passage 962 is blocked 
thereby flrnrrirly isolating the interior region 966 of the tubular member 902 . In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally faciii&te the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
anmilar cross-section. The extension tube 960 maybe fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide driHability of the 
extension tube 960, 

The fluid passage 962 is coupled to the sealing sleeve 958, the ex te nsi o n 
tube 960 f andoneormore outlet jets964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centerirne of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic nipt*™** at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 gaUona/mm mortler to or^ima^ 
provide fluids at operationally efficient rates. 

30 The outlet jets 964 are coupled to the sealing slew 958, tto extena^ 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferab ty convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment* the outletjeta 984 comprise pa 
the housing 954 and the bo^ 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coi^plednfliii^air/namberaf 
conventional process such as> for example, threaded <^n«*-Hirna, cement or 
machine d from one piece of material In a preferred embodiment, the various 
elements of the shoe 908 are coupled mmg ihwtiah^ 
10 In a preferred Embodiment, the assembly 900 is operated substantially as 
described above with reference to Figs. 1^ to create a new section of casing in n 

In particular, in order to extend a wellbcre into a eubterninean formation, 
a drill string is used in a well known manner to drill out material from the 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a waUbore casing in a subterranean 
formation is then positioned in the new section of the wellbcre. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 916. In a 
preferred embodiment, a hardenable fhiidie sealing hardenable flui die sealing 
20 material Is then pumped from « wirffrre fogatfon fntft thr fhrid Tmrpq»E" ^1 B The 
hardanableflnkhcsealmg material th^ 

interior region 966 of the tubular member 902 below the mandrel 908. The 
hardenable fluidie sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fhiidie sealing material then exits the 

25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and themtariorwanofthenewseetumofthe 
wellbcre. Ckmtirmedpumpmg of the hardenable 
materud to flu 1 up at least a portion of the annular region. 

Tbe hardenable fluidie sealing material is preferably pumped into toe 

30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 psi and 0 to 1,500 gallon&teiin, respectively. In a preferred embodiment, the 
hardenable flnidir weatingmeteriid is pumped into the annular region at pressures 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the dis placement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferabry determined uaxng conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fhiidk sealing materials such as, 
for example, dag mix, cement or epcxy. In a preferred embodiment, the 
hardenable fhii fl'f Dealing material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in oro^ to op 

member while also -myrrrhftfafng optimal flow characteristics bo as to minfm^ 
operational difficulties during the displacement of the cement in the annular 
region. The optimum compostion of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adequately filled with hardenable fluidic 

sealing mfltfrf*!, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by hitroduring the phigor dart 974, or other 
similar device into the non hardenable fluidic materiaL In this manner, the 
amount of cured material within the interior of the tubular rnembers 902 and 916 

30 is minimised. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. Daring the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular inembers 902 and 915 using 
the support member 904 During this extniiim process, the shoe 908 is preferably 
substantial^ stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devi«m for pln gfo g m fhttd passage nuch aj» 
far emmple, Multiple Stage Cementer (MSG) latch-down plug, Omega latch-down 
10 phig or three-wiper latch down pl^ 

the present disclosure. Inaprelerred embodiment the ph^ 
a M8C latch-down phxg available from Halliburton Energy Services in Dal lag, TX 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenabie fluidic material is preferably pumped into the interior region 968 at 
15 pressures and flow rates ranging from approximately 600 to 9,000 psi and 40 to 
3,000 gallons/nun in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 
20 of the interior region 966 reaches approximated 500 to 9,000 pai. In a preferred 
embodiment, the extrusion of the tubular meznben902and915offoftheinandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallons/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 e xp an ded portions of the tubular members 902 and 915 at rates ranging; for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, during the extrusion 
proceaa, the mandrel 906 is raised out of the expended portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulhng speed fast enough to permit efficient operation and 
30 permit full expansion of the tubular members 902 and 915 prior to curing of the 
bardenable fluidic sealing material; but not so fkat that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tabular member 915 is extruded off of 
the mandrel 906, the outer surface ofthe upper end portion of ^ 
915 will preferably contact the interior surface of the lower end portion of the 
existing casing to form an fluid tight overlappingjoint. The contact pressure of the 
5 overlapping joint may range, for example, from a ppr o xim ately 60 to 20,000 paL In 
a p r efer re d embodiment, the contact pressure of the o v e riap p m gjoint between the 
upper end of the tubular member 915 and the printing section of wellbore casing 
ranges from approximately 400 to 10,000 psi in order to optimally provide contact 
pressure te activate the sealing mem 

10 the tubular roember 915 and e^ 
compressive loada. 

In a preferred embodiment, the operating prefisure and flow rate of the nra 
hardenable fhndic material will be co ntroUabty ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sodden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the eixi of thee 

the mandrel 906 has completed approximately all but about the last 5 feet of the 
20 extrusion process. 

In an alternative preferred embodiment, the operatingpressure and/or flow 

rate of the hardenable ftuidk sealing material and/or the non hardenable fhridk 

material are controlled during all phases of the operation of the apparatus 900 to 

minimise s hock 
25 AK er u aUv efr,ormcombii^ 

member 904 in order to absorb the shock cawsedty the sudden refe^ 

Altern at ively, or in combination, a mandrel catching structure is provided 

above the support member 904 in order to catch ot at least decelerate 

906. 

30 Once the extrusion p r o ces s is completed, the mandrel 906 is removed from 

the wellbore. In a preferred embodiment* either 

mandrel 906, the integrity of the fhridk seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the Iowbt portion of the existing 
casiagifl tested using con ventbi^n^taods. If the fhiidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, then the uncured portion of any of the 
5 hardenable Qnidic sealing material within the * rr****A tubular member 915 is 
then removed in a canvrntionsl manner. Tt^h^^imiiKiofh.M^ moling mntcrial 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellboxe is then allowed to cure. 
Preierabfy any remain^ 
10 the interior of the eipano^ 

conventi onal maimer using a copventtenal drill string. The resulting new section 
of casing preferabry includes the expanded tabular mem 

outer annular layer of cured hardenable flnidic seeling material. The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 irom them 

to a malf un ctio n. In this circumstance, « rmxrmHrmri <krtt) string is used to drill 

out the interiOT sections 
20 the remaining sections. In a preferred embodiment, the interior elements of the 

apparatus 900 are f ab ric ated from materials such as, for example, cement and 

aluminum, that permit a conventional drffl string to be employed to drill out the 

interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections of the mandrel 906 and shoe 908, rnduding one or more of the body of 

cement 932, the spacer 938, the sealing sleeve 942, the upper c^ 

the hihricator mandrel 946; the lubricator sleeve 9tt^ 

954, the body of cement 956, the sealing sleeve 958, and the extension tube 960, 
are selected to permit at least some of these components to be drilled out using 
30 <»nventionaldrilliiig to this maimer, in the event of a 

malAmctkm downhole, the apparatus 900 may be eerily removed from the 
wellbore. 



Referring now to Figs. 10a, 10b, 10c, lOd, lOe, lOf; and lOga method and 
apparatus for creating a tie-back liner in a wellbare wiD now be described. As 
illustrated in Fig. 10a, a wellbare 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and & second casing 1006. 
5 The first caaing 1004 preferably includes a tubular liner 1008 and a cement 

anmihis 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l«9c or below with reference to Flga. lla-ll£ 
10 In a particularly preferr e d embodiment, an upper portion of the tabular 
liner 1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig. 10b, in order to create a tie4>ai£ mier that extends 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1145, and a 
20 support member 1160. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable m a ndrels 
25 modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tabular member 1105 is expanded in the radial dire^ 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of material* such as, for example, Oilfield Country 
Tubular Goods, IS chromium tubingor plastic piping. In a preferred embodiment, 
the tubular member 

The inner and outer diameters of thatubularmeiriber 1110 n^ range, for 
5 example, fom approximately 0^5 to ^ 
fa a preferred embodiment the inner andooter diameters of the tubular member 
1110 range from about 3 to 15.fi inches and 3.6 to 16 inches, respectively in order 
to optimally provide coverage fo The tubular member 

1110 preferably comprises a solid member. 
10 In a preferred embodiment, the upper end portion of the tubular member 
1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1106 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimise the possibility of buckling. For typical tubular member mo materials, 
15 the length of tile tubular member 1110 is preferably limited to between about 40 
to 20,000 feet in length. 

The shoe lllfi is coupled to the fflgymrtable mandrel 110S 
member 1110. The shoe 1116includes the fluid passage 1136. The shoe 11 15 may 
comprise any number of conventional commercially available shoes euch as, for 
20 example, Super SealHi^ 

with a sealing sleeve for a latch down plug modxffad in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comp rises an aluminum down-jet guide abrowrth a sealing sleeve for a la tcb^town 
plug vhth side ports radiating off of the extt 
25 Energy Services in Dallas 

present disclosure, m order to optimally guide tte tubular member 1100 to the 
overlap between the tabular member 1100 ami the casing 1012, optimally flu ld ic ry 
isolate the interior of the tubular member 1100 after the latch down plug has 
seated, and optimally permit drilling out of the shoe 11 1 5 after completion of the 
30 expartftrtn and r«m«nHn g operations. 

In a preferred embexfiment, the dme 1115 ineludesone or nmre side outlet 
ports 1140 in flnidk communication with the fluid passage 1135, In this manner, 
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the shoe 1115 injects hardenable fiuidic sealingmaterial into the region outside the 
shoe 1115 and tubular member 11 10. In a preferred embodiment, the shoe 1115 
includes one ormore of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a baB sealing member. In this manner, the fluid passages 
5 1140 can be sealed o£Tbyintroducmg into 
the fluid passage 1130. 

The cup seal 1 120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign material* from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105, The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 

accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1190 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1 13 0 is preferably positioned along 
a centertine of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures rangi ng from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits fln idic material* to be transmitted from fluid 
passage 1130 to the interior of the tubular member 1110 betow the mandrel 1105. 
The fluid passages 1140 permits fiuidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fiuidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a phig, or other similar de^ 
passages 1140 to thereby block farther passage of fluidk ™**^oi Q In this 
manner, the interior region of the tabular member 1110 below the expandable 
5 mandrel 1105 can be fhiidicly isolated from the region exterior to the tubular 
member 1105. This permka the interior regi^ 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as c ement, drilling mud or epories at flow rates and pressures ranging from 
about 0 to 3*000 galtonaflninnte and 0 to 9,000 pei in order to optimally fill the 
annular region between the tubular member U10 and to 
fluidic materials. In a preferred embodiment, tte 

inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by iratroducing a plug, dart 

and/or ball sealing elements into the fluid passage 1130. In a preferred 

embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative enibodiment, the base of the shoe 1116 includes a single 

inlet passage coupled to the fluid passages 1140 that is adapted 
20 or other similar device, to permit the mterior region of the 

to be fluidicbr isolated from the exterior of the tubular member 

The seals 1145 are coupled to and supported by a tower end portion of the 

tubular member 1110. The seals 1146 are fini^ positioned on an outer surface 

of the lower end portion of the tubular member 1 1 10. The seals 1145 permit the 
25 overlapping join t between the upper end portion of the casing 10 12 and the lower 

end portion of the tubular member 1110 to be flukiicry sealed 

The seals 1145 may comprise any number of conventional commercially 

available seals such as, for example, lead, rubber, Teflon or erxny seals modified 

in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 cotpprif» mt^)^^M^\ fVnm fitwNi^ir gpory g yniinh iA 

from Halliburton Energy Sc 
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hydraulkisaalmthecrariflpp^ 

to withstand the range of typical tensile and compressi v e loads. 

In a preferred embodiment, the seals 1146 are selected to optimally provide 
a sufSclentfirictbnalforce to support the expanded tubular menmer^^ 

5 tubular liner 1008. In a preferredembo dirnRnt , the f ric t mn a l force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the expanded tubular member 1110. 

Ths support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support m ember 1150 

10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 mio the wellborn 1000. In a preferred embodiment the support 
member 1150 further includes one or more conventional centraHsers (not 
illustrated) to help stabilise the tubular member 1110. 

In a p r efe rre d embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In thi* manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lubriplate, chlorine based lubricants or fflitwft* 1500 Antiaeize (3100). 

20 In a preferred embedment, the lubricant 1150 comprises Climax 1500 Antiaeize 
(3100) available from Cttmax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction of foreign material into the apparatus 1 100 is mmimixed. 
This mjrjjnraes the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly p referred embodiment, the apparatus 1100 mchides a 

30 packer 1155 coupled to the bottom section of the shoe 1115 for ihiidkty isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fhudk 
materials are prevented from entering the region of the wellbcre 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as> for example, EZ Drill Packer, EZ SV 
Packer or a drill able cement retainer. In a preferred embodiment, the packer 
1165 comprises an EZ Drill Packer availahle from Halliburton Energy Services in 
5 Dallas, TX In an alternative enibodiment, a high gel strength pill may be set 
below the tie-backinplaceofthe packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the a 
within the weHbore 1100, a couple of weBbore volumes are circulated in order to 
10 ensure that no foreign materiak are located wftbintte 

clog up the varum* flow passages and valvesof the apparataa 1100 and to ensure 
that no foreign material mterferes with the operation of the expansion mandrel 
1105. 

As ilhstrated in fig. 1^ 

15 pumped from a surface locution into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 11 10 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 mtoth« fluid passages 
The material 1160 then exits the apparatus 1100 and nils the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued piimping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

The material 1 160 may be pumped into the Annula r region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 ffftDonB/mi^ f egpeeliv^y. In ft pwsferw** omhnHiiti^t On. ™«f-W«l 1 n?fl j B pumped 
into the annular region at pressures and flow rates specifically designed fbr the 
casing sizes being run, the annular spaces being filled, the pnmping equipment 
available, and the properties of the ftaidbcmg pumped. The optimum flow rates 
and pressures pw«far»My calculated using ^i^nttAnni empirical methods. 

30 The hardenable fluidic sealing material 1160 may comprise any number of 

conventional commercial^ available bardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
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harimab le Ouidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 white mnmfntn^g optimum fltwr characteristics *o ** to minimize 
5 operational difficulties during the displacement of cement in the nnnnlpr region. 
The optimum blend of the blended omenta are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110. the 
10 annular region will be filled with malarial 1 160 . 

As illustrated in Fig. lOd, once the annnlarregian has been adequately filled 
with material 1160, one or more plugs 1166, or other similar devices, preferably 
are introduced into the Quid passages 1140 thereby fhiididy isolating the interior 
region of the tubular member 1110 from the annular region external to the tubular 
15 member 1110. Inapreferredembodimgiit,aTO 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more pragB 1166, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan hardenable fluidk 
20 material In this manner, the amount of hardenable fiuidic material within the 
interior of the tubular member 1110 is minimised. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurised, the tabular member 11 10 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
30 brass balls, plugs, rubber balls, or darts modified in accordance with the t eachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a angle latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
6 hardenahle ftuidk material 1161 is preferably pumped into the interior region of 
the tabular member 1110 bebw the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to S,(K)0 gallona/min. 
In a preferred embodiment, after placement ofthe plugs 1165 in the fluid passages 
1140, the non hardenahk flnidtc material 1161 is preferably pumped into the 
10 interior regfam of the tabular member mo below the mandrel 1105 at pressures 
and flow rates ranging from appnolm atefr 1200 to 8500 pal and 40 to 1250 
gallonafain in order to optimally provide extrusion of typical tubulais 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the e xp anda ble mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular memba- 1110 below the mandrel 1105 readies, for 
example, approximately 1200 to 6500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandre l 1105 begins 
when the pressure of the interior region of the tubular member 11 10 below the 
mandrel 1 105 reaches approximately 1200 to 8500 psL 
20 During the extruskm pnxeaa, the expandable maiMirel 1105 nu^ be raised 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec Inapreferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out ofthe expanded portion of the 
tubular member 1110 at rates ranging from about 0 to 2 ft/sec in order to optimally 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process wDl be completed before the material 1160 cures. 

In a preferred embodiment, at least a portion 1180 of the tubular member 
1110 has an internal diameter less than the outside diameter of the mandrel UPS. 
In this manner, when the mandrel 1105 expands the aectkm 1180 of the tubular 
30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the weDbore casing 1012. Inapartfcohrfr pinfa i ^ f y» ^ 
is effected by compressing the seals 1016 between the expanded section U 60 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pd in order to optimally provide 
pressure to activate the sealing members 1146 and provide optimal resistance to 
5 ensure that the pint will withstand typical extremes of tensik a^ raopres^ 
loads 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10 9 000 pa 
in order to optimally provide pressure to activate the sealing members 1 145 and 
15 provide optimal res i rtffr^ to that the joint will w ithstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the ex p and able mandrel 1105 can be minimized In a 
preferred embodiment, the operating pressure of the fhiidic material 1161 is 
reduced in a substantially linear feshion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 6 feet of the extrusion process, 
Alteniatively,cxmcombto 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular meniber m 
decelerate the mandrel 1105* 
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Referring to Fig. lOf, once the extrusion process is competed, the 
expandable mandrel 1106 is removed from the weUbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fiuidk seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner TIPS Is tested 
using conventional methods. If the fMdfr seal of the joint between the upper 
portion of the tabular member 1 1 10 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 w ithin the 
exp a nded tubular member 111 Q is then removed in a conventional manner . The 
10 material 1160 within the annnlftr region between the tubular member 1 110 and 
the tubular liner 1008 is then allowed to core. 

As illustrated in Fig. 1% preferably any remaining cured material 1160 
within the interior of the eipmdftd tubular member 1110 is then removed in a 
conventional manner usinga conventional drill string. The resulting tie-back liner 
15 of casing 1170 includes the expended tubular member 11 10 end an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. 10& the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods 
20 In a particularly preferred enibodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs. lla-ll£ an embodiment of an apparatus and method 
for hanging a tubular liner off of m 

As illustrated in Fig. 11a, a weUbore 1200 is positioned in a subterranean 
25 formation 1205. The weBboro 1200 incta 

a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the weUbore 1200 into the eubterraiieanforniation 1205, 

a drill string 1226 Is used in a well known ™™*r to drill out material from the 

subterranean formation 1205 to form a new section 1280. 
30 As illustrated in Fig. lib, an apparatus 1300 form 

in a subterranean formation is then positioned in the new section 1230 of the 

weUbore 100. The apparatus 1300 preferably includes an expandable mandrel or 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fhiid passage 
1330, a fluid passage 1336, seals 1340, a support member 1345, and a wiper plug 

1350- 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expendable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydmilk expansion tool 

10 substantially as disclosed in ILS. Fat No. 5,348,095, the disclosure of which is 
incorporated herein by referent 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tabular member 
131 0 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tabular member 1310 is fabricated from 
OCTG. The miLer and onto diameter 

20 ^rmpla JWwn appr^rrfrwatjOy ft 7fi fr% ATT l<nnh** nnA 1 QS to48 inches, respective^. 

In a preferred embodiment, the inner and outer diameters of the tubular member 
13 10 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 

to ppfimftlfr TffVyyMf mir™** ijdMrwpinggffferi in the most Commonly ennramter ed 
wellbore sixes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thjcknera and outer diameter of the upper portion 
1355 of the tubular member 1310 range from about 3/B to 1 V4 inches and 3 to 
16 inches, respectively. In a preferred embodiment, the waU thickness and outer 

30 diameter of the intermediate portion 1360 of the tur>ular member 1310 range from 
about 0.625 to 0.76 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tabular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate BectianiSSO of the tabular member 1310 is less than or equal to the 
5 wall thickness of the upper and tower sections, 1855 and 13S5, of the tubular 
member i fli n fa attW t»> npfj™ Q ny ft^u frtiKofro nfth+ »nrtingiA n process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper sod portion 1865 of the tabular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular -member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimise the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1316 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional amunarriauy available shoes such as, for example, 

20 Super Seal U float shoe, Super Seal H Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down ptog modified macconiance with the 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe withe sealing sleeve foralatdwlowu plug aTailable 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of the present disclosure, in order to optimally guide the tubular member 
1310 into the weUbore 1200, optimally fhddkfr isolate the interior of the tubular 
member 1810, and optimally permit the complete drill out of the shoe 1816 upon 
the completion of the extrusion and cementing operati ons 

In a preferred embodiment, the shoe 1315 further mehides one 

30 outlet ports in fhiidfc communication with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenatolefhiidfcaealingmaterial into the region 
outaide the shoe 1315 and tubular member 1310. In a preferred embodiment, the 



-55- 



shoe 1315 iiKhi ri^ft the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 cam be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1S46 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position a4Jacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passsge 1320 is preferably positioned along 
a centerline of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials sach as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from aboutOto 3,000 gallona/minnteand0to9 r 000psiinorder 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block ftirther passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially akmg the centerline of the apparatus 1300. 

Tha fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1230 of the weflbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed offl^introdudogaplug; dart 
and/or hall sealing dements into the flmd passage 1320. 

The fluid passage 1336 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1336 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1336 is preferably 
positioned substantially along the centerline of the apparatus 1300. Hie fluid 
passage 1385 is preferably selected to convey materials each aa cement, drilling 

10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
gaDonsftninute and 0 to 9,000 pri in order to optimally fin the annular region 
between the tubular member 1310 and the new section 1230 of the weEbore 1200 
with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1365 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1355 of the tubular member 1310 to be fluidicjy sealed. The 
seals 1340 may comprise any number of conventional commercially available seals 

20 suchaa,foracampla,k^ 

with the teachings of the present disclosure. InnpTeferjedembodimeait,Uieaeals 
1340 comprise seals molded from Stratafeck epoxy available from Halliburton 
Energy Services in Dallas, TXm 

annulusof the overlappingjoint while alao creating optimal toad t*a^ 
25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1840 are eelectad to optimally provide 
asufficientfrictiaiialforceto 

existing casing 1215. In ap^rmfl AmK^^Vi^t thfr frirtkmaJ forre prrrrfded by 
the seals 1340 ranges from about 1 9 000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises as annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1346 further includes cue or more conventional 
centraiixers (not illustrated) to help stabilize the tubular member 1310. 
5 mapreferrBd embodiment, the support 

prior to assembly to the remaining portions of the apparatus 1300. In this 

m*™^ thfi f ntr™^'***™ Afford gn Tn»t*»rt«l iTiin tbft apparatus 1300 is minimized. 
This m mimizes the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1 300 and to ensure that no foreign material 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 erample, Multiple Stage Cementer latch-<iown plugs, Omega latch-down plugs or 
three-wiper Latch-down plug modified in accordance with the t eachings of the 
present disclosure. In a preferred embodiment, the wiper phig 1 350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 

In a prrfcrrfd or pcgjttoning the apparatus 1300 

within the new seriimi 1230 of tto 

circulated in order to ensure that no foreign materials are located within the 
welfoore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
ext rusion process. 

As illustrated m Fig. 11(^ a ha^ 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes torn the fluid passage 1320. through the fluid passage 1375, and into 

30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the mterwr region 1370 m^ 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1336 and fills the annular region 1390 between the exterior of the 

tabular member 1810 and the interior wafltfthe new 
1200. Continued pumping of tn^ 
at least a portion of the annular region 1390. 
5 The material 1380 may be pooped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1^500 gallon a/mm, respec tiv ely. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 anBonsAnin, reapsctivBfr, in orri«r tn n ptrnially 

10 fill the annular region between the tul^ 

of the wellbore 1200 with the hardenabls fluidic sealing material 1380. 

The hardsnab le fluidic sealing material 1380 may comprise any number of 
conventional «wnTn«rt»i*ny jH»tlft>ii« hgrdenabte fly*dic maling mntAHflift gucfa as, 
for example , alag mix, cement or epcay. In a prefer red embodiment, the 

15 hardenahle fluidic sealing material 1380 comprises blended cements designed 
specifically for the wellBectkra being drilled and available from HaH^ 
Services in order to optimally provide support for the tubular 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the tvmmt is preferably determined using conventional empirical methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 
roffldant gn**iH finfl to gnmir* upon radial expan sion gfthe t*iHqfa y member 
1310, the annular region 1390 of to 
filled with material 1380. 

AsiHustratedinFig. nd f once the annular region bra bmi adequately 

25 filled wi th material 1380, a wiper dart 139 5, or other similar device, is introduced 
into the fluid passage 1320. Tie wiper dart 1895 ispreierabrypumpedthrou^the 
fluid passage 1320byannnhardenabkfhiMy,mst^ 1381. The wiper dart 1395 
than preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a prefer r e d embodiment, engagement of the 

30 wiper dart 1 395 with the wiper plug 1350 causes the wiper plug 1 350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1330, thereby blockmg fluM flow th^ 



passage 1330, and fluididy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390, In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 

5 becomes sufficiently pressurised, the tubular member 1310 is extruded off of the 
expandable mandrel 1306. Duriog the extrusion proc^ 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 

10 Introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commerdallyava^ 

for example, Multiple Stage Cementpr latch-down plugs, Omega latch-down plugs 
or three wiper latch-down phig/dart modified in accordance with the teachings of 
15 tbepresentdisdoaure. Inapreferred embedment, tte 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper phig 1330 and wiper 
20 dart 1895, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 pd and 0 to 1,500 gaBons/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner , the 
amount of hardenable fluidic material within the interior of the tubular member 
25 1310 is minimised 

In a preferred embodiment, after blocking the fluid passage 1330, the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from approxhnately 600 to 9,000 psi and 
40 to 3,000 gaUons/mm in order to optimally provide operating pressures to 
SO the expansion process at rates sufficient to permit adjustments to be 

m«rfA in operating parameters during the extrusion process. 



-60- 



For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 win begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psL In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a Amotion of the tubular member diameter, wall 
thfrkneftsofthe tubular member, geometry of the mandrel, the type of lubricant^ 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empirical T^i^ho^y 
10 During the extrusion process, the expandable mandr^ 1305 m^y be raiaed 

out of the expended portion of the tabular number 1310 at rates ranging; for 
example, from about 0 to 6 ft/sec. In a preferred wntwtimwi^ during the extrusion 
process, the expandable mandrel 1305 may be raised out of the expanded portion 
of the tubular member 1310 at rates ranging fiom about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, end ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper aid portion 1356 of the tubular nsanber 1310 is extruded 
off of the expandable mandrel 1305, the outer surfece of the upper end portion 
20 1355 of the tubular member 1310w^ 

lower end portion of the casing 1215 to form an fluid tight overlapping joint Hie 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide contact pressure sufficient to ensure amiular sealing and provide 
enough resistance to withstand typical tensile and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adeq u ate fluidk and gaseous seal in the overlapping Joint 

In a preferred embodiment, the operating pressure and flow rate of the non 
30 hantenahlft fhilrtir material 1381 is cantroDahfr ramped down wHah th» g^p^M^ 
mandrel 1305 reaches the upper e^ 

In this manner, the Ridden release of pressure caused by the complfite extrusion 
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of the fribr»* ftV member 13 10 offofthe expendable mandrel 1305 can be minimized. 
In a pr e fer red *mhftdtmi«it the operating pressure ia reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
be ginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Attfmntivftly, at fa comb ination, p shock flhanrhgr ja provided in the support 
member 1345 in order to absorb the shock caused by the sadden release of 
pressure. 

Alt er n ati vely, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1855 of the tabular member 13 10 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
renxtved from the wellbore 1200. fa^ 

the removal of the expandable mandrel 1305, the integrity of the fhiidk seal of the 
15 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested usiiig conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 ia thenmmrsTd in w Hm™"^'™? 1 ™«Tr™«r The material 1380 within th* annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 13 15 may then be remo^ 
conventional drilling methods. 

A method of creating 8 casing in a borehole located in a subterranean 
30 formation has been described that 

in the borehole. A body of fluidic material is then injected into the borehole. The 
tabular liner is then radially wpm^»* by extruding the liner off of the mandrel. 



The injecting preferably includes injecting a hardenahle fiuidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and anon hardenahle fhridic material into an interior region of the 
tubular liner below the mandreL The method preferably includes fluididy 
5 isolating the annular regkm from the interior region before injecting the second 
quantity of the nan hardenahle sealing material into the interior region. The 
injecting the hardenahle flnidic sealing material is preferably provided at 
operating pressures and flow rates rangiiu; from about 0 to SOW psi and 0 to 1,500 
gaBona/min. The injecting of the non hardanable flukhc material is preferably 
10 provide at operate pressure 

and 40 to 3,000 gallonVmfn The injecting of the non hardenabfe fhridk material 
is preferab^ provided at reduced op 

portion of the extruding. The non hardenahle fiuidic material is preferably 

injected below the mandrel The method jOTferabfr mcfadesproegnririn g B region 
16 ofthe tubular Hner below the man^ The region of the tubular liner below the 

mandrel is preferably pressurised to pressures rangingfrom about 600 to 9,000 pa. 

The method preferably mrtiiripfl fluidicly isolating an interior region of the tubular 

liner from an exterior region of the tubular liner. The method further preferably 

includes curing the hardenahle s 
20 of the cured sRaHngmaterial located within the tabular hner. The method further 

pitferabryincliideso 

The method further preferably includes sealing the overlap between the tubular 
liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 

25 casing. The method further preferably includes testing the integrity tf^ 

the overlap between the tubular linn and the existing wellbore casing. The 
method further preferably inchxdes removing at least a poi^ 
fhiidtesealingmaterialw The method further 

preferably includes l nh ri rs t ing the surface of the mandreL The method further 

30 preferably includes absorbing shock. The method further preferably includes 
catching the mandrel upon the mmptption of the extruding. 



An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and inchidea a second fluid passage. 

5 The tubular member is coupled to the inandreL Ite shoe is coupled to the tclmto 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operobly coupled. The support member preferably further Include* a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. The support member preferably mchutot one or more sealing members 
adapted to prevent foreign materia 

member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing/rasing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 paL The tubular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing dcrwn the mandrel The shoe preferably includes en inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a prog for 
Mocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an irmer diameter greater than an cozterdiame 
the second tabular member, has been described that includes positioning a 
mandrel within an interior region o f the second tubular memb er, portioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is pr«to 
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600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. Theinethodftirtlierprefer^ty includes 
sealing the overlap between the first and second tabular members. The method 
5 further preferably includ es s up p or t in g the extruded first tubular member using 
the overlap with the second tubular member. The method farther preferably 
inrinri ft ft lubricating the surface of the mandrel The method further preferably 
includes absorbing shock. 

A liner far use in creating a new section of weJIbore casing ina subterranean 

10 formation adj a c ent to an already existing section of weHbore caring has been 
described th at in c hid ea an annular member. The annular member indudes one or 
more seaiingmembers at an end portion of the annular member, and one or more 
pressure reEaf passa g es at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 

15 annular bo<ry of a cured fhiidic sealing material The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 

20 process of ntfecting a bofr 

region external of the tubular Kncr. During the pressurizing; the interior portion 
of the tubular liner is preferably fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurired 
to pressures ranging from about 500 to 9.000 psL The tubular liner preferably 
25 overiape with an existing wellbore The wellbore casing preferably further 

includes a seal r^sitionedm 

wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
80 borehole has been described th«t jpcfadas ™«fani™ g , tnhnliir liner and a mnndrd 
within the wellbore en wing, fr^pc tinga hofr of* fin i*> rnafrffial Into the borehole, 
pressurising a portion of an interior region of the tubular liner, and radially 
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expanding the hner in the borehole by extruding the liner off of the mandrel- In 
a preferred pmbodrmmt, the fluidic material is selected from the group roraristing 
of dag cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fhiidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tabular liner. In a p r efe rred emhoHrmf*nt, the 
injecting qf the «f finEEr™**** 1 " j^m^mti^mnAh^pnamm^and flow 
rates ranging from about 600 to 9,000 psi and 40 to 3,000 gallona/mm. In a 
preferred ernbodiment, the injecting of the body of fluidic material is provided at 
reduced operatingpresgures and flo^ rates during an end portion of the extruding. 
10 In a preferred embodiment, the fluidic materia In 
a preferred embodiment, a region of the tabular tiner below the mandrel is 
pressurized. In a preferred emrxxfcn^ 

mandrel is pressurized to pressures ranging from about 500 to 9,000 paL In a 
preferred embodiment, the method rurther rnorudfiB overi^ririg the tubular liner 
15 with th? «^B*rag ™l1Wft raring. In a preferred embodiment, the method further 
inchidea sealing the interface between the tabular liner and the existing wellbore 
casing. In a pirferred embodiment, the method further inchides supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
exnrx>diment,tto 

20 interface between the tubular liner and the existing wellbore casing- In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel In a preferred embodiment, the method further inchides absorbing 
shock. In a preferred ernbodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 

25 method further inchides expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing weUbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidk sealing 
material The tubular finer is formed by the process of 

off of a mandrel The ftn^nlnr body of a cured fluidic sealing material is coupled 
30 to the tutelar liner. In a preferred entoodmient, 

process of pladng the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tabular liner. In a preferred embodiment. 
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during the pressurizing, the interior portion of the tubularly 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is jassmx^utp^mmAtanff^ttomsboiA 
500 to 9,000 psL In a preferred embodiment, tha annularbody of acuredfluidic 
5 seeling material is formed by the process of injecting a body of hardenable fltridir 
sealing material into an annular regkm between the existing wefflwre casing 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred urnhnrTrm^t, the tie-back liner 
ftnrther includes a seal positioned in the overlap between the tubular liner and the 
10 other existing weDbore casing. In a preferred «tnl m i Tm M »^ tubular liner is 
supported by the overlap with the other existing wellbaxe casing* 

An apparatus for expanding a tubular member has been described that 
includes a support me mb er , a mandrel, a tubular member, end a shoe, The 
support member includes a first fluid passage. Hie mandrel is coupled to the 
15 support member. The mandrel includes a second fhiid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portiocu The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandreL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillahle. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tabular member, and a load 
bearing member. Preferably, the load bearingmember comprises a drillable txxjy. 
Preferably, the exterior portion of the mandrel comprises an expansion cone 
Preferabfrtheespansianc 

consisting of tool steel, titanium, and ceramic. Preferably, the expansion cone has 
a surface fcarimet* ranging Preferably at least a 

portion of the apparatus is drillable. 

A l tho u gh jUnstrative e mbodiments of the invention have shown 
described, a wide range of modi&arfion, chan ges and Bnhatffart»m is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended daima be cons 
in a manner consistent with the scope of the invention. 
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11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting fluidic material into the borehole; 

5 pressurising a portion of an interior region of the tabular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 
T extruding at least a portion of the liner off of the mandr el 

12, A method erf creating a easing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing, 

3 o om p usmg t 

4 drilling crat a new section of the borehote 
6 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 flnidkfar isolating the annular region between the tabular Knar and the new 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expandable mand rel; 

17 reeling the overlap between the tubular liner and the already existing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 
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testing the integrity of the seal of the overlap between the tubular liner and 



23 the already g^gtfag casing; 

24 TMr/wing at least a portlflT 1 of the harri OT<,v> U» fluidic ailing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the fluidic hardenable fluidic sealing 

27 material; and 

28 ren^vingatkaataporticmofthecujed 

29 within the tubular liner. 

1 3. An apparatus for expanding a tabular member, cotnpriflmg: 

2 a support member, the support member induding a first fhild passage; 

3 a mandrel coupled to the support member, the mandrel including! 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 ashoe coupled tothe tubular 

7 wherein the first, second and third fluid passages are operably coupled. 

I 4. An apparatus for expanding a tubular member, comprising! 
' 2 a support member, the support member i ncluding : 

S a first fluid passage; 

4 a second fluid passage ; and 

5 a flow control valve coupled to the first and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel including a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to them 
10 one or more Dealing elements; 

II a shoe coupled to the tubular member, the shoe inc lud ing: 

12 a fourth fluid passage coupled to the third ImM passage, the fourth 

13 fluid passage adapted to receive a stop member; and 

14 one or more exhaust passages coupled to the fourth fluid passage for 

15 btfectmg fluids 
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16 at least one sealing member coupled to the su p port member, the sealing 

17 member adapted to prevent the entry of foreign material into an 
IS interior region of the tubular member. 

1 5. A method of joining a second tubular member to a fh^ 

2 first tubular member having an Inner diameter greater than an outer diame ter of 

3 the sec ond tubular member, comprising: 

4- positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurwmgaportionoftte 

7 and 

8 extruding the second tubular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising; 

2 on annular w»mW t Hw annular m«mh ^r induding : 

3 one or more sealing members at an end portion of the annular 

4 member, and 

5 one or more pressure reliefpafiBages at an end portion of the annular 

6 member. 

17. A weUbore **»™fy c ompri sing: 

2 a tubular liner, the tubular liner formed by the process of; 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured fhiidic sealing material coupled to tbe tubular 

5 liner. 

1 8. A tie-back liner for lining an existing wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process o£ 

3 extruding at least a portion of the tubular finer offofa mandr el; and 

4 an annular body of a cured ftuidic sealing material coupled to the tub ular 

5 liner. 
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1 9. An apparatus for expandin g a tub u lar member, comprising: 

2 a support member including a first Quid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; find 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an expandMe tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

U an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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